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This investigation was undertaken to elucidate the un-
derlying electrophysiologic substrate in hypertrophic
cardiomyopathy and to identify possible predictors of
sudden death in this patient population. Programmed
stimulation was performed in 18 patients aged 14 to 64
years (mean 36) believed to be at high risk for sudden
death on the basis of prior cardiac arrest or syncope,
nonsustained ventricular tachycardia on Holter ambu-
latory electrocardiographic (RCG) monitoring or a fam-
ily history of frequent sudden death.
Polymorphic ventricular tachycardia that deterio-
rated to ventr icular fibrillation was reproducibly in-
duced in 8 (44%) of the 18 patients (Group A). This
rh ythm was induced in all three patients with a history
of cardiac arrest. Nosustained monomorphic ventricular
tachycardia was induced. Group B comprised the 10
patients in whom a susta ined arrhythmia could not be
reproducibly initiated.
The electrophysiologic substrate was distinctl y dif-
ferent in patients with , than in those without, inducible
sustained arrhythmia. The refractory period was shorter
The incidence of sudden death in patients with hypertroph ic
cardiomyopathy has been defined by prospective studies
(l,2) to be about 2 to 3%/year. Sudden death frequentl y
occurs in young and asymptomatic individuals (3), and is
From the *College of Physicians and Surgeon s, Columbia University.
New York. New York , the tCardio logy Branch , National Heart , Lung.
and Blood Institute. National Institutes of Health . Bethesda , Maryland ,
and the t Hospital of the University of Pennsylvania, Philadelph ia , Penn-
sylvania . Th is study was presented in part at the 34th Annual Scientific
Session of the American College of Cardiology, Anaheim. California,
March 11, 1985.
Manuscript received February 2, 1987; revised manuscript received
April29, 1987, accepted May IS, 1987.
Address for reprints: Rita M. Watson, MD, Assistant Professor of
Medicine , Department of Medicine, Columbia Presbyterian Medical Cen-
ter . 630 West 168th Street, New York . New York 10032.
© 1987 by the American College of Cardiology
at the right ventricular outflow tract (232 ± 22 ms)
compared with the apex (264 ± 12 ms) in Group A (p
< 0.005) whereas there was no difference in Group B
(271 ± 25 ms versus 271 ± 13 ms), The local ventricular
electrogram of most patients in both groups was pro-
longed and markedly multiphasic. However, 5 of the
8 Group A patients exhibited a double electrogram (V-
V' ) with premature stimulation compared with 1 of the
10 patients in Group B (p < 0.02). A positive R wave
in lead aVR of the scalar RCG and poor R wave pro-
gression in the precordial leads were more common in
Group A than in Group B (p < 0.001 and p < 0.001,
respectively).
The reason for the distinctly different electrophysi-
ologic substrate and the high prevalence of inducible
polymorphic arrhythmia is unclear. It may relate to the
underlying myocardial architecture in these patients,
characterized by myocardial cellular disarray and fi-
brosis.
(J Am Coil CardioI1987;lO:761-74)
often the first clinical manifestation of hypertrophic cardio-
myopathy (4). Nevertheless, the etiology of sudden death
in this disease is yet to be established .
Supraventricular and ventricular arrhythmias have been
shown to occur frequently in patient s with hypertrophic
cardiomyopathy (1,5 -7), suggesting that arrhythmias may
be a cause of sudden death in certain patient s. This is further
suggested by the finding that ventricular tachycardia (even
when asymptomatic and nonsustained) on 24 or 48 hour
ambulatory electrocardiographic (ECG) monitoring in pa-
tients with hypertrophic cardiomyopathy identified a subgroup
of patients with a high incidence of sudden death : annual
mortality , 8 to 9%/year (1.2). With the exception of ven-
tricular tachycardia on long-term monitoring, no reliable
clinical , morphologic or ECG predictors of sudden death
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have been identified (4,8) . The present investigation was
undertaken to define the electrophysiologic features of pa-
tients with hypertrophic cardiomyopat hy who, on clinical
grounds, were suspected to be at high risk of sudden death .
Methods
Patient selecti on. Eighteen consecutive patients with
hypertrophic cardiomyopathy at high risk for sudden cardiac
death were studied from March 1983 to April 1984. There
were 13 men and 5 women whose ages ranged from 14 to
64 years (mean 36) (Table I) .
Indicat ions for study (Table 1). All patients were thought
to be at increased risk for sudden cardiac death. Three of
the 18 patients were studied because of prior cardiac arrest.
Nine were studied because of asymptomatic spontaneous
nonsustained ventricu lar tachycardia (three or more beats) .
Two patients were members of families marked by the oc-
currence of sudden death in closely related relatives (ma-
lignant family history) (9). four patients were studied be-
cause of a history of syncope (8).
Diagnostic cr iteria (Table 1). Each patient demon -
strated a hypertrophied nondilated left ventricle by echo-
cardiography in the absence of another cardiac or systemic
disease that might produce left ventricular hypertrophy (10) .
Ventricular septal hypertrophy (ventricular septal to pos-
terior left ventricular free wall thickness ratio ~ 1.3) (II)
was present in all but one patient (Case 11), who demon-
Table I. Clinical Findings in 18 Patients With Hypertrophic Cardiomyop athy Who Underwent Electrophysiologic Study
Catheteri zation
Gradients
Echo
LVOT LVOT RVOT
Patient Age (yr) Indication VS LA PAW LVEDP (basal) (maximal prov. ) (basal)
No. & Sex FC for Study (mm) (mm) (mm Hg) (mm Hg) (mm Hg) (mm Hg) (mm Hg) CI
Group A: Reproducible PMVTIVF
21M II NSVT ; 29 45 II 12 20 85 0 3.9
Syncope
2 58M III NSVT; 28 50 10 22 100 0 2.0
Syncope
3 37M II NSVT 22 42 12 12 0 20 0 3.3
4 52F III NSVT 18 42 18 14 0 40 0 2.2
5 32M [ CA 35 32 12 12 0 65 0 3.2
6 35M I CA;NSVT 19 44 21 21 30 100 0 2.5
7 37F III NSVT; 31 49 18 18 0 5 0 1.9
Syncope
8 64M II CA 20 43 6 I I 20 100 0 3.6
Mean 42 25 43 14 15 2.8
±SD 15 6 6 5 4 0 .8
Group B: No PMVTIVF or No Reproducible PMVTIVF
9 22F II NSVT 15* 31 8 10 0* 100 0 2.8
10 29M II NSVT 32* 55 18 24 0* 100 15 2.3
I I 17F II Syncope 14t 50 22 26 0 10 0 2.6
12 14M I Syncope 25 50 16 24 0 40 0 3.0
13 21M I Syncope 31 55 17 26 0 45t 0 2.4
14 51M I NSVT 28 40 12 12 20 140 0 2.5
15 22M II MFH 22 45 18 18 0 60 12 1.9
16 50F II NSVT 18' 41 17 14 0* 45 0 2.8
17 63M II Syncope 20 43 10 20 100 0 2. 1
18 20M II MFH 32 28 19 28 80 60 1.8
Mean 3 1 24 44 16 20 2.4
±SD 17 7 9 4 6 0.4
P Value NS NS NS NS NS NS
*Qualifying Holter. echocardiographic and electrophysiologic data obtained after left ventricular myotomy-myectomy. tDiagnosis of apical hypertrophi c
card iomyopathy made by two-dimensional echocardiography. tlsoproterenol provocation not performed. CA = cardiac arrest; CI = cardiac index
(liters/min per rrr'); Echo = echocardiography; FC = New York Heart Association functional class; LA = left atrial size; LVEDP '" left ventricular
end-di astolic pressure; LVOT '" left ventricular outflow tract; MFH = "malignant" family history; NSVT = nonsustained ventricula r tachycardia;
PAW = mean pulmonary arterial wedge pressure ; PMVTIVF = polymorphic ventricu lar tachycardia/ventricular fibrillation; prov = provocation; RVOT
= RV outflow tract; VS = maximal ventricular septal thickness by M-mode echocardiography; - = data not available .
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strated hypertrophy predominantly in the region of the left
ventricular apex (12,13).
Patients were categorized as having obstructive or non-
obstructive disease using the following criteria: Obstructive
hypertrophic cardiomyopathy was defined as the presence
of a gradient of > 30 mm Hg under basal conditions or with
provocativem~neuvers (isoproterenol infusion, amyl nitrite
inhalation or Valsalva maneuver): nonobstructive hyper-
trophic cardiomyopathy was defined as having a gradient
< 30 mm Hg under basal conditions and with provocation.
The presence of normal epicardial coronary arteries was
documented angiographically in each of the five patients
> 40 years of age; none of the patients < 40 years who did
not have coronary arteriography had symptoms of angina.
Electrocardiography. Twelve lead ECGs were per-
formed in all of the patients and a second continuous 24
hour ECG (Holter) recording was obtained in 17 patients
after all cardioactive medications were discontinued for at
least five half-lives. Analysis of the ambulatory electrocar-
diographic (Holter) records was accomplished by the use of
a high speed digital computer system (Clinical Data, Inc.).
Patients had a complete physical examination and normal
laboratory evaluation before study.
ElectrophysioIogic study. All cardioactive medications
were discontinued at least fi ve half-lives before the study.
Studies were performed in the postabsorptive state after
sedation with 5 to 10 mg oral diazepam. Informed consent
was obtained in accordance with a study protocol approved
by the Clinical Review Board of the National Heart. Lung,
and Blood Institute. The electrophysiologic study was per-
formed after full hemodynamic study in most cases.
Before preparation and draping, defibrillation pads (R2
Corporation) were placed on the patient anteriorly over the
apical impulse and posteriorly between the scapulae. The
brachial artery was cannulated percutaneously for arterial
pressure monitoring and a thermodilution Swan-Ganz cath-
eter was placed in the pulmonary artery. Three to four mul-
tipolar electrode catheters were introduced and positioned
in the heart under fluoroscopic guidance in the high right
atrium, across the tricuspid valve at the atrioventricular (AV)
junction to detect the His bundle deflection and in the right
ventricle in all patients. A coronary sinus catheter was placed
in five patients with nonsustained supraventricular tachy-
cardiaon Holtermonitoring. An electrode catheter was placed
in the left ventricle in 5 of the 10 patients in whom right
ventricular stimulation failed to induce a ventricular ar-
rhythmia.
Stimulation was performed with a programmable stim-
ulator and an isolated constant current source (Bloom As-
sociates, Ltd.) that produced rectangular impulses at a I ms
pulse width delivered at twice diastolic threshold. Diastolic
threshold was always less than I rnA except for right ven-
tricular outflowtract stimulation in Patient 17 (threshold2.3
rnA) . Bipolar intracardiac electrograms were filtered at 30
to 500 Hz and were displayed simultaneously with three
surface ECG leads (I, II and Vd on a multichannel oscil-
loscope (Electronics for Medicine, VRI6). All data were
simultaneously stored on magnetic tape (Ampex) for sub-
sequent retrieval.
Stimulation protocol. All patients were in normal sinus
rhythm at the time of study. Given the propensity for atrial
arrhythmias to develop with stimulation in an enlarged atrium
(14), and the frequency with which an enlarged atrium is
observed in this patient population (Table I) , atrial and AV
node studies were generally performed after the ventricular
stimulation protocol. Atrial stimulation was performed first
in two patients, when supraventricular arrhythmias were
considered to be the clinically important rhythm. Thermo-
dilution cardiac output determinations in triplicate and post-
pacing pulmonary artery wedge pressure recordings were
made during atrial pacing studies from the high right atrium.
Systemic arterial pressure was monitored continuously.
The ventricular stimulation protocol has been reported in
detail (15). Briefly, ventricularextrastimuli were introduced
at the right ventricular apex during normal sinus rhythm and
at two paced ventricular cycle lengths (S 1St intervals of 600
and 500, 500 and 400 or 450 ms depending on baseline
heart rate). Tripleextrastimuli (S4) were introducedif double
extrastimuli were refractory. The sequence of progressive
shortening of the extrastimuli was continued in this protocol
so that the shortest possible coupling intervals were achieved.
If programmed stimulation with triple ventricular extra-
stimuli did not initiate a sustained tachyarrhythmia, bursts
of 15 to 20 ventricular paced beats were delivered at pro-
gressively shorter drive cycle lengths from 600 ms until
1:1 ventricular capture could no longer be achieved.
When a sustained tachyarrhythmia was not induced from
the right ventricular apex, the protocol was repeated in the
right ventricular outflow tract in all but two patients. Left
ventricular stimulation, before antiarrhythmic therapy, was
performed in 5 of the 10 patients with negative right ven-
tricular studies; left ventricular stimulation was not possible
in the other 5 of these 10 patients because of either time
constraints or inability to pass an electrode catheter into the
left ventricle.
The end point of the stimulation protocol was refracto -
riness or induction of a sustained tachyarrhythmia . An at-
tempt was made to reproduce ventricular fibrillation so that
it might be used as an end point when electrophysiologic
study was used to define effective antiarrhythmic therapy.
All reinduction attempts were initiated only after the return
of hemodynamic variables (heart rate and arterial and pul-
monary capillary wedge pressures) to baseline status. If
short runs of polymorphic ventricular tachycardia were in-
duced, stimulationwas repeatedusing the coupling intervals
that induced the arrhythmia, and diastole was scanned at 2
ms intervals in the vicinity of the "vulnerable" coupling
intervals, in an attempt to determine whether the nonsus-
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Table 2. Electrophysiolog ic S ub strate Defined by Pro grammed Electrical Stimulat ion in 18 Patie nt s With Hypert rophic Cardi omyopathy 0 ...,C:(j}
0 0
NS-PMVT PMVTIYF Initiation ::;zr-
Stimulation Site =l
Patient NCIA RVR Maximal No. of CL DCL Other -<
No. RVA RVOT LVA (ms) (no. of beats) Beats Episodes (ms) (ms) Site Mode Arrhythmias Z::r
Group A: Reproducible PMVTIYF -<"'C
tTl
;<J
...,
I + - - 220 - - - 240 500 RVA DES - ;<J02 + + - 180 - - - 200 600 RVOT TES A flutter. NS-SVT ~
3 + + - 190 (I ) 13 5 2 10 600 RVOT DES
-
n
4 + + - 190 - 8 I 220 500 RVOT DES - n:>-
5 + 190 (I ) 5 2 230 600 RVA TES ;<J- - - 0
6 + + - 170 - - 200 nsr RVOT DES - (5z7 + + - 170 - - - 240 nsr RVOT TES A flutter, NS-SVT
-<08 + - - 210 (I) 17 2 230 nsr RVA TES A fib ~
...,
Mean 190 ::r
-<± SD 18
Group B: No or Nonreproducible PMVTIYF
9 + + - 180 - 8 t
10 + + + 180 (3) 10 7
II + - - 190 (2)
12 + - - 160
13 + + + 180 - - - - - - - A flutter
14 + + + 180 (2)
15 + + + 190 - - - - - A fib
16 + + + 190 - 18 2 230* nsr LVA TES NS-SVT
17 + + - 180 (2) - - 180t 600 RVOT TES
18 + + - 200 - - - VF* - RAP
Mean 183
± SD I I
P Value NS NS NS NS
*Second attempt paced out, then nonreproducible. t Nonreproducible. :l:Ventricular fibrillation with rapid atrial pacing. A fib = atrial fibrillation; A flutter = atrial
flutter; CL = cycle length; DCL = drive cycle length; DES = double extrastimuli; LVA = left ventricular apex; Mode = mode of rhythm initiation; NCIA = narrowest
coupling interval achieved; NS-PMVT = nonsustained polymorphic ventricular tachycardia; nsr = normal sinus rhythm; NS-SVT = nonsustained supraventricular
tachycardia; RAP = rapid atrial pacing; RVA = right ventricular apex; RVR = repetitive ventricular response; Site = stimulation site ; TES = triple extra stimul i: VF
= ventricular fibrillation; - = no data; other abbrevia tions as in Table I . o ~cd ;g- n
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tained polymorphic ventricular tachycardia heralded a more
malignant arrhythmia.
Definitions. The following definitions are used: Repet-
itive ventricular responses. Two to four ventricular com-
plexes in response to a ventricular stimulus. Bundle branch
reentrant repetitive responses were identified using estab-
lished criteria and then excluded (16). Repetitive ventricular
responses were usually characterized by a distinct change
in the frontal axis and configuration of the QRS complex.
Nonsustained monomorphic ventricular tachvcardia. I)
In the electrophysiology laboratory: five or more repetitive
ventricular beats with a well defined QRS complex, pos-
sessing a constant axis and configuration, spontaneously
terminating in <30 seconds. 2) On 24 hour ECG monitoring:
three or more ventricular beats with constant axis and con-
figuration.
Sustained monomorphic ventricular tachvcardia. A
tachycardia of ventricular origin that has a well defined QRS
complex with a constant axis and configuration and lasts
>30 seconds or causes hemodynamic compromise requiring
termination by pacing or cardioversion
Nonsustained polymorphic ventricular tachvcardia . Five
or more repetitive ventricular beats lasting < 30 seconds
without causing hemodynamic compromise characterized by
discrete intracardiac electrograms and isoelectric baselines.
The surface leads demonstrate a well defined QRS complex
that continuously changes axis and configuration: the ar-
rhythmia duration is <30 seconds, causes no hemodynamic
compromise and requires no intervention for termination.
Polymorphic ventricular tachvcardia. A sustained poly-
morphic ventricular tachycardia characterized initially by
discrete intracardiac electrograms with isoelectric baselines
and a well defined QRS complex.
Polymorphic ventricular tachvcardialventricular fibril-
lation. I) A polymorphic ventricular tachycardia that rap-
idly degenerates to ventricular fibrillation, or 2) a regular
rhythm with constant cycle length (ranging from 180 to 280
ms) producing polymorphic surface ECGs, yet lacking a
clear-cut isoelectric baseline (presumably because of the
multiphasic nature of the local electrograms) and causing
Figure I. Patient 16. Initiation of nonreproducible polymorphic
ventricular tachycardia. The tracing is arranged showing surface
electrocardiogram leads L II and Vr along with the intracardiac
electrograms inthe areaof thehigh rightatrium (HRA), Hisbundle
(HBE), right ventricular apex (RVA) and left ventricular apex
(LVA). Triple extrastimuli were delivered to the left ventricular
apex at the coupling intervals of 300,240 and 210 ms (arrows).
S, induces a triple spiked electrogram (VV'V") in the local elec-
trogram of the left ventricular apex, the stimulation site. Multi-
phasic electrograms (VV') areapparent in the local leftventricular
apex electrogram whereas the right ventricular apex electrogram
is relatively isoelectric and singular. The changing QRS axis can
be seen in the surface leads, and the discrete intracardiac electro-
grams can be appreciated. The initial pattern of activation is from
leftventricle to rightventricle. Bythefourth from the lastcomplex
in the run, the activation sequence has changed suchthat the right
and left ventricles in the area of the right ventricular and left
ventricular electrodes are activated simultaneously. When the ac-
tivation pattern changes such that the right ventricular apex elec-
trogram precedes that in the left ventricular apex, the rhythm
terminates.
hemodynamic compromise. This rhythm was considered
inducible if it was reproducibly initiated (at least twice).
Ventricular fibrillation, A sustained ventricular tachy-
arrhythmia with completely disorganized electrical activity
in the surface ECGs and intracardiac electrograms dem-
onstrating fragmentation and disruption of the isoelectric
line. This rhythm causes cardiovascular collapse and re-
quires termination by defibrillation.
Statistical analysis. Mean data were compiled and tested
for statistical significance using the Student's unpaired t test
(p < 0.05 = significant). In selected instances, linear
regression analyses were performed utilizing the Pearson
product-moment test. Values are given as mean::+:: SD.
Results
Inducible polymorphic ventricular tachycardia!
ventricular fibrillation (Table 2). Eight of the 18 study
patients had reproducible initiation of polymorphic ventric-
ular tachycardia/ventricular fibrillation or ventricular fibril-
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Figure 2. Patient 6. Initiation of polymorphic ventricular tachy-
cardia or ventricular fibrillation. This figure is arranged showing
the surface electrocardiographic (ECG) leads I, II and VI, along
with the intracardiac electrograms in the area of the high right
atrium (HRA), His bundle (HBE), right ventricular outflow tract
(RVOT) and rightventricular apex (RVA). Thecoupling intervals
of the extrastimuli delivered to the right ventricular outflow tract
(arrows) are shown. The thirdextrastimulus does not capture the
myocardium (nc = noncapture) locally. The appearance of the
surface ECG isconsistent with coarse ventricular fibrillation. Poly-
morphic ventricular tachycardia is also suggested on the basis of
thesurface ECG because of thevarying QRS axisandmorphology.
However, despite the appearance of continuous electrical activity
in the local ventricular electrograms suggesting ventricular fibril-
lation, a regularity (cycle length [CLI = 200 ms) of rhythm is
noted. Therightventricular apex electrogram reveals development
of an alternans pattern by the third nonstimulated complex with
high andlowamplitude depolarizations alternating atacyclelength
of approximately 100 ms (accent lines in the time scale below the
right ventricular apex electrogram). The low amplitude depolari-
zations in the right ventricular apex correspond with the more
negative deflections seen in the right ventricular outflow tractelec-
trogram. Afterseven to eightcomplexes an isoelectric baseline is
transiently apparent in the right ventricular outflow tract electro-
gram. The right ventricular apex electrogram thereafter appears
more stable electrically and consistent with polymorphic ventric-
ular tachycardia.
lation directly (Group A). Eight patients had either no in-
ducible sustained arrhythmiaor had nonsustained polymorphic
ventricular tachycardia (Group B). Two additional patients
had either nonreproducibly induced polymorphic ventricular
tachycardia/ventricular fibrillation (Case 17) or ventricular
fibrillation on a presumed hemodynamic basis, after a ven-
tricular stimulation study that induced no abnormal beats
(Case 18). These two patients were placed in Group B. With
rapid atrial pacing to evaluate AV node function, Patient
18 described chest pain concurrent with a decrease in arterial
blood pressure and cardiac output and a rise in pulmonary
artery wedge pressure, followed by ventricular fibrillation.
This collapse was deemed not to be a primary arrhythmic
event. No patient had inducible monomorphic ventricular
tachycardia. Supraventricular arrhythmias were induced in
six patients.
Table I lists the clinical profiles of patients in Group A
and Group B. There are no differences in the clinical vari-
ables between the two groups. It is of interest, however,
that all three patients admitted to the study because of prior
cardiac arrest had an inducible sustained arrhythmia re-
quiring countershock.
Arrhythmia induction (Table 2). Induction of repro-
ducible polymorphic ventricular tachycardia/ventricular fi-
brillation occurred most often from the right ventricular
outflow tract (five of the eight Group A patients); in three
of the eight patients this arrhythmia was induced from the
right ventricular apex. The left ventricle was stimulated in
5 of the 10Group B patients who had no arrhythmia induced
from the right ventricle; left ventricular stimulation also
failed to induce a reproducible, sustained arrhythmia in these
patients. Double extrastimuli initiated polymorphic ventric-
ular tachycardia/ventricular fibrillation in four Group A pa-
tients and triple extrastimuli in the other four patients (p =
NS). An arrhythmia was never induced by ventricular burst
pacing (final SISI range 210 to 310 ms; mean 250). The
number of beats of polymorphic ventricular tachycardia be-
fore degeneration to ventricular fibrillation varied (see later).
Comparison of the narrowest coupling interval that captured
for Group A was not different from that of Group B (190
± 18 versus 183 ± II ms); indeed, Group B patients
showed a tendency to allow more prematurity.
No extra ventricular beats were induced in 8 of the 18
patients. A repetitive ventricular response (one repetitive
beat) was seen before the arrhythmia that caused cardio-
vascular collapse in three of the eight Group A patients.
Repetitive ventricular responses (two to three beats) were
seen in 4 of the 10 Group B patients.
Local electrogram in hypertrophic cardiomyopathy.
This study was not designed to examine the local electro-
gram, and efforts were not made to systematically stan-
dardize the gain. However, some qualitative observations
can be made. The stimulated ventricular electrograms in
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these patients in general were multiphasic and prolonged .
An example of this phenom enon is seen in the third stim-
ulated complex of Figure 1 (VV' V"), These prolonged , rnul-
ticomponent electrograms were apparent in both groups of
patient s, The findings were noted in the electrograms of the
right ventricular apex , outflow tract and left ventricular apex
and were not limited to a specific area of the myocardium ,
Characterization of the sustained arrhythmia (poly-
morphic ventricular tachycardia/ventricular fibrillation)
in Group A patients. The arrhythmia induced in four of
the eight Group A patient s (Patients I , 2, 4 and 8) clearly
started as polymorphic ventricular tachycardia with an iso-
electric interelectrogram baseline in the paced/monitored
lead but degenerated to ventricul ar fibrillation within a few
seconds. The sustained arrhythmia that caused hemody-
namic collapse in Patients 3, 5 and 7 started with very short
runs of polymorphic ventricular tachycardia consisting of
three , three and seven beats, respectively, before degen-
erating into ventricular fibrillation . In Patient 6, the mul-
tiphasic local electrogram confounded the characterization
of the arrhythmia (Fig. 2). The right ventricular outflow
tract electrogram did not demon strate an isoelectric baseline
and the rhythm initially resembled ventricular fibrillation ,
However, the rhythm was polymorphic ventricular tachy-
cardia (based on the regular cycle length of 200 ms and the
appearance of an isoelectric baseline later in the rhythm )
that caused sudden cardiovascular collapse as occurred in
all Group A patient s.
Characterization of nonsustained polymorphic ven-
tricular tachycardia in Group B patients (Ta ble 2). Poly-
morphic ventricular tachycard ia/ventr icular fibrillation may
have been heralded during programmed stimulation by short
nonsustained runs of polymorphic ventricular tachycardia
in four of the eight Group A patient s. However , nonsus-
tained polymorphic ventricular tachycardia was also seen in
3 of the 10 Group B patient s. In these three patients, stim-
ulation employing coupling intervals that provoked the non-
sustained arrhythmia was repeated , as were those couplin g
interva ls near the refractory period , to establish whether the
finding of nonsustained polymorph ic ventricular tachycardia
indicated a propen sity toward a more sustained arrhythmia.
In each case , with the exception of Case 16, rechallenge
did not reproduce the nonsustained arrhythmia. The runs of
nonsustained polymorphi c ventricular tachycard ia were of
similar duration (8 to 18 beats) in both Groups A and B.
Patients 16 and 17 had nonreprodu cible nonsustained poly-
Table 3. Electrophysio logic Data Obta ined in 18 Pa tie nts Wi th Hyp ert roph ic Cardiomyopat hy*
Ventricular Effective Refractory Period
AH HV RVA, nsr RVA, 600t RVOT. 600t RVA - RVOT VAC DE
Group A: Reproducible PMVTiYF
I 50 80 300 260 0
2 115 100 270 260 220 40 0 +
3 45 55 290 260 220 40 0 +
4 95 55 340 290 270 20 0 +
5 60 55 300 260 0 +
6 90 50 280 250 230 20 0
7 65 45 280 270 220 50 0
8 90 80 260 260 0 +
Mean 76 65 290 264 232 34 0.6
:tSD 25 19 25 12 22 13 0 .5
Group B: No or Nonreproducible PMVTiYF
9 80 35 295 275 290 - 15 0
10 65 110 320 290 300 -10 O:j:
I I 70 50 290 270 0
12 45 50 250 0 +
13 90 80 320 290 290 0 0
14 95 50 290 270 270 0 0
15 90 70 290 270 280 -10 0
16 80 145 300 250 240 10 0
17 150 90 310 260 230 30 0
18 30 50§ 290 260 270 - 10 0
Mean 80 73 296 271 27 1 -0.6 0. 1
±SD 32 34 20 13 25 IS 0.3
p value NS NS NS NS 0.0 1 0 ,001 0.02
*All values are in ms. tDrive cycle length , :j: Retrograde His bundle potential with ventricular premature depolarizations. §His bundle conducti on
disease with intermittent H-H' = 40 ms. DE = double electrogram; VAC = ventriculoatrial conduction; other abbreviations as in Table I and 2.
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morphic ventricular tachycardia and polymorphic ventric-
ular tachycardia/ventricular fibrillation . Patient 16 demon-
strated a long (II beat) run of nonsustained polymorphic
ventricular tachycardia with stimulation at the left ventric-
ular apex (Fig . I). A second (18 beat) run of nonsustained
polymorphic ventricular tachycardia was induced on re-
challenge. Further attempts to reproduce the nonsustained
polymorphic ventricular tachycardia or induce a more sus-
tained arrhythmia failed and this patient was included in
Group B. Left ventricular stimulation was otherwise non-
productive in all other patients in whom it was tried. Sus-
tained polymorphic ventricular tachycardia/ventricular fi-
brillation at a cycle length of 180 ms was induced from the
right ventricular outflow tract in Patient 17 but was not
reproducible.
Figure 3. Ventricular effective refractory periods (VERP) deter-
mined at the right ventricular apex (RVA) and outflow tract (RVOT)
at a drivecycle lengthof 600 ms are depictedfor patientsin Groups
A and B. See text for further discussion . PMVTIYF = polymor-
phic ventricular tachycardia/ventricular fibrillation.
electrogram was seen with both S3 and S4 stimulation . Ex-
amples of this phenomenon are seen in Figure 4, from Pa-
tients 4, 5 and 8, all of whom experienced polymorphic
ventricular tachycardia/ventricular fibrillation in the labo-
ratory. Panels A and C demonstrate that the double elec-
trogram is seen only in the stimulated local electrogram;
that is, there is a single ventricular depolarization in the
other monitored leads corresponding to each double elec-
trogram. Five of the eight patients in Group A demonstrated
a double electrogram with premature stimuli (Table 3) but
only one patient (Case 12) in Group B demonstrated this
finding. He was a young man who was studied for syncope
and died suddenly a few months after study. During his
electrophysiologic study, premature ventricular stimuli were
delivered only to the right ventricular apex; stimulation at
the outflow tract had not been performed because of time
constraints .
Initiation and termination of polymorphic ventricular
tachycardia. Figure 5A demonstrates the initiation of a
nonsustained run of polymorphic ventricular tachycardia in
a patient (Case 3) who later had a sustained arrhythmia
requiring defibrillation. With the third extrastimulus, a dou-
ble electrogram in the right ventricular outflow tract is ap-
parent. This particular run is seen to terminate with unifi-
cation of the local right ventricular outflow tract electrogram .
Spontaneous termination of a longer run of polymorphic
ventricular tachycardia in another patient (Case 5) is seen
in Figure 58. Whereas the local ventricular electrograms in
the right ventricular outflow tract are discrete and separated
by an isoelectric baseline, the apex ventricular electrogram
Electrophysiologic Substrate in
Hypertrophic Cardiomyopathy
Basic electrophysiologic properties (Table 3). There
were no significant differences between the two patient groups
in conduction intervals . The HV interval was prolonged in
8 (44%) of the 18 patients with a mean of 69.4 ± 28 ms,
but there was no difference between the mean values in
Group A (65 ± 19.2 ms) and Group B (73 ± 34 ms) .
The ventricular effective refractory period . determined
at a drive cycle length of 600 ms at the right ventricular
apex, was similar for Group A (264 ± 11.9 ms) and Group
B (271 ± 13.3 ms) . In Group B patients, the effective
refractory period at the right ventricular outflow tract (271
± 25 ms) was similar to that at the right ventricular apex
(271 ± 13 ms). However, in Group A, the effective re-
fractory period at the right ventricular outflow tract (232 ±
22 ms) was much shorter than that measured at the right
ventricular apex (264 ± 12 ms) (p < 0.005) (Fig. 3).
Furthermore, the effective refractory period at the right ven-
tricular outflow tract was less than that at the apex in all
Group A patients in whom it was determined; moreover, it
was significantly less than at the outflow tract of Group B
patients (p < 0.01). Because some patients experienced a
sustained arrhythmia initially with pacing at the right ven-
tricular apex, not all patients in Group A had a refractory
period determination made at the outflow tract. A shorter
outflow tract refractory period was noted in only two Group
B patients (Cases 16 and 17). All but one patient in Group
B demonstrated an outflow tract effective refractory period
that was within 15 ms of that determined at the apex; the
exception , Patient 17, had nonreproducible polymorphic
ventricular tachycardia/ventricular fibrillation.
Stimulated double electrogram. Six of the 18 patients
developed a double spiked electrogram with premature ven-
tricular stimulation. This local ventricular electrogram was
notable for discrete depolarization spikes (V-V') with at
least 40 ms of intervening isoelectric baseline. The double
(Group A) (Group B)
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dia/ventricular fibrillation (Group A) and those without (Group
B). Six of the eight patients in Group A had obstructive
hypertrophic cardiomyopathy compared with 9 of the 10
patients in Group B. Table I shows the comparisons of the
septal thickness as assessed by M-mode echocardiography,
basal pulmonary artery wedge pressure and cardiac index
between Groups A and B; no differences were significant.
Electrocardiographic data. Table 4 lists the results of
24 hour ambulatory electrocardiographic monitoring for pa-
tients who were off medications before electrophysiologic
study. Although most patients were studied because of ven-
tricular tachycardia on ambulatory monitoring (Lown grade
4b), on repeat 24 hour studies while in the hospital there
were patients in both groups with relatively benign records
(Cases 1,2,5 and 7 in Group A and Cases 11,12,13,16
and 17 in Group B). There were, however, patients with
complex ectopic activity in both groups.
All patients had an abnormal electrocardiogram (Table
5). Five of the eight patients with inducible polymorphic
ventricular tachycardia/ventricular fibrillation (Group A) had
an abnormal frontal plane axis, best summarized as having
a positive R wave (>3 mm) in lead aVR on the 12 lead
ECG. None of the 10 Group B patients demonstrated such
a finding (p < 0.001). In general, Group B patients had no
R wave in aVR with the exception of Patients 17 and 18
who did experience ventricular fibrillation in the electro-
Figure 4. The double electrogram (V-V') in patients with poly-
morphic ventricular tachycardia/ventricular fibrillation. Panels A,
Band C demonstrate local electrogram dispersion (that is, pro-
gressive prolongation with each stimulus) in Patients 4, 5 and 8,
respectively. In addition, a double spiked electrogram is seen with
an intervening isoelectric line. Ventricular fibrillation was induced
in all three patients during the electrophysiologic study. The rec-
ords are arranged similarly with surface electrocardiographic leads
I, II and VI. and intracardiac electrograms from the His bundle
area (HBA). right ventricular outflow tract (RVOT) and right ven-
tricular apex (RVA) (panel A), right ventricular apex only (RVA)
(panel B) and high right atrium (HRA), His bundle area (HBE),
coronary sinus (CS) and right ventricular outflow tract (panel C).
Panel A, Triple extrastimuli (arrows) are delivered to the right
ventricular apex with a 500 ms paced cycle length. The coupling
intervals of the extrastimuli are as noted on the tracing. A double
spiked electrogram (V-V') emerges with SJ only in the right ven-
tricular apex electrogram. Local block and dispersion are evident
with a 40 ms relatively isoelectric line separating the spikes after
S4 stimulation. Panel B, Triple extrastimuli were delivered to the
right ventricular apex at a 600 ms drive cycle length. A double
spiked local electrogram (V-V') emerges by SJ. The local block
increases with a further 30 ms increase in time from peak to peak
with S4. The relatively isoelectric line measures a total of 100 ms
before the local reentry (V'). Panel C, The right ventricular out-
flow tract was stimulated at a drive cycle length of 600 ms. Triple
extrastimuli were delivered at the cycle lengths noted on the figure.
Progressive peaking and dispersion of the local electrogram are
demonstrated and a reentrant beat is elicited. The isoelectric base-
line separating the first double electrogram (V-V') measures 40
ms and that separating the second (V-V') measures 80 ms.
A
A
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demonstrates multiple components and continued electrical
activity. Two V spikes appear in the right ventricular apex
for everyone in the right ventricular outflow tract. With the
normalization of the right ventricular apex electrogram, the
rhythm terminates.
The nonsustained polymorphic ventricular tachycardia
exhibited by Patients 9, 10 and 16 in Group B did not follow
stimulated double electrograms. Furthermore, not all runs
of polymorphic ventricular tachycardia in Group A were
characterized by such a finding. Figure 2 shows no double
electrogram at the initiation of the arrhythmia; rather, a two
component (high and low amplitude) right ventricular apex
electrogram is noted in this patient.
v v V A v
HBA ~
BP v
RVOT
~oo
v
R\Il
cs v
RVOT~1t----¥ }-:-:~f--t-'IiH'I'+- ~Ir-------V-
Other Possible Predictors of Inducible Polymorphic
Ventricular Tachycardia/Ventricular Fibrillation
Hemodynamic data (Table 1). There were no signifi-
cant clinical or hemodynamic differences between the pa-
tients with inducible polymorphic ventricular tachycar-
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Figure 5. Nonsustained polymorph ic
ventricular tachycardia (spontaneous ter-
mination) induced in Patient 3 (panel A)
and Patient 5 (panel 0 ). Ventricular fi-
brillation was induced during electro-
physiologic study in both patients. The
traces are arranged in the usual fashion
demonstrating surface electrocardio-
graphic leads I, II and VI, and the intra-
cardiac elcctrogra ms in the area of the
high right atrium (HRA), His bundle
(HBE), right atrial appendage (RAA) and
right ventricular outflow tract (RVOT)
(panel A) and His bundle area (HBE),
right ventricular outflow tract (RVOT) and
right ventricular apex (RVA). In additi on,
the left brachial blood pressure trace is
shown (panel 0 ). Panel A, Three ex-
trastimuli were delivered to the right ven-
tricular outflow tract at the design ated
coupling intervals in normal sinus rhythm.
With Sz, a double spiked right ventricular
outflow tract electrogram (VV' ) is noted .
With S3, a double electrogram (V-V') is
apparent. Polymorph ic ventricular tachy-
cardia ensues. With recovery oflocal con-
duction and unificat ion of the right ven-
tricular outflow tract electrogram , the
rhythm spontaneously terminates. Panel
B shows the spontaneous termination of
a polymorph ic ventricular tachycard ia in
Patient 5 that was induced with double
extrastimuli delivered to the right ven-
tricular apex . An obvious isoelectric base-
line is noted initially only in the area of
the right ventricular outflow tract. The
local electrogra m in the right ventricular
apex exhibits a double spiked right ven-
tricular apex electrogram (VV') such that
one V in the right ventricular outflow tract
is seen for two in the right ventricular
apex . With normalization of the right ven-
tricula r apex electrogram, the rhythm ter-
minates.
L L VHBE •
RAA
RVOT -(' IT'
B
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phys iology laboratory and who demonstrated small r' waves
« 3 mm ) after S waves in lead aYR . Patient 17 was studied
for syncope and experienced nonreproducible polymorphic
ventricular tachycardia/ventricular fibrillation with triple ex-
trastimuli delivered to the right ventricular outflow tract.
Patient 18 did not demonstrate inducible ventricular fibril-
lation with the ventricular stimulation protocol but experi-
enced ventri cular fibrillation when hypotension developed
during rapid atrial pacing.
Four of five patients in Group A (Cases I , 2, 5 and 6)
manifesting an abnormal frontal plane axi s also demon-
strated an abnormality in the hor izont al plane, with poor R
wave progression or lack of an R wave across the precor-
dium . None of the patients in Group B exhibited abnor-
malities in the horizontal plane (p < 0.001). Prolongation
of the QTc interval was evident in both groups (46 1 ± 50
ms in Group A and 464 ± 38 ms in Group B; p = NS) .
Discussion
Induction of ventricular tachycardia or fibrillation.
In the current study of patients with hypertrophic cardio-
myopathy, reproducible polymorphic ventricular tachycar-
dia deteriorating to ventricular fibrillation or ventricular fi-
brillation was induced using endocardi al programmed
ventricular stimulation in 8 (44%) of 18 patients studied
because they had characteristics we belie ved might put them
at increased risk for sudd en death . Two other patients ex-
perienced ventricular fibrillation in the electrophysiology
laboratory, one of whom experienced ventricular fibrillation
lA CC Vol. 10. NO . 4
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Patient No. VPCs/24 h Lown Grader
Previous AEM
Lown Gradet
Group A: Patients with Reproducible Polymorphic Ventricular Tachycardia/Ventricular
Fibrillation (PMVTIYF)
0 0 4b
2 0 0 4b
3 888 4a 4b
4 II 4a 4b
5 3 I
6 32 4b 4b
7 3 I 3
8
Group B: Patients with No PMVTIYF or No Reproducible Polymorphic Ventricular Tachycardia/Ventricular
Fibrillation (PMVTIYF)
9 5,689 4b 4b
10 2,760 4b 4b
II 62 3 I
12 3 I
13 0 0
14 4 4a 4b
15 1,726 4a 3
16 7 3 4b
17 22 3
18 15 4a
*All patients were receiving no medications during monitoring. Columns I and 2 report the results of the
24 hour monitoring period immediately before electrophysiologic study. Column 3 represents the monitoring
period that determined study eligibility. t Lown grades: 0 = no premature ventricular beats; I = infrequent
premature ventricular beats « 30th); 2 = frequent premature ventricular beats (> 30th); 3 = multifocal pre-
mature ventricular beats; 4a = ventricular couplets; 4b = ventricular tachycardia (2:3 successive ventricular
beats); 5 = R on T phenomenon. AEM = ambulatory electrocardiographic monitor.
after pacing-induced hypotension , and the other had non-
reproducible polymorphic ventri cular tachycardia/ventric-
ular fibrillation.
Programmed stimulation in pat ient groups with a cardiac
problem other than hypertrophic cardiomyopathy induces
ventricular tachycardia less often in those patients with Hol-
ter-documented nonsustained ventricular tachycardia than
in those with sustained ventricular tachycardi a (17,1 8).
However , the prevalence of significant induc ible ventricular
arrhythmias was considerably higher in our patients with
hypertrophic cardiomyopathy who had nonsustained ven-
tricular tachycardia on Holter monitoring (five [56%] of
nine) than the 0 to 2% observed in other laboratories , in
which other patient groups with nonsustained ventricular
tachycardia and no coronary artery disease were studied
(17 ,19).
Anderson et al. (20) reported an even greater prevalence
(82%) of inducible malignant arrhythmia in patients studied
with epicardial stimulation at the time of open heart surgery.
In their study, 14 of 17 patients with the obstructive form
of hypertrophic cardiomyopathy had inducible sustained
polymorphic ventricular tachycardia (n = 9) or ventricular
fibrillation (n = 5). Kowey et al. (21) also studied patients
with the obstructive form of hypertrophic cardiomyopathy.
Howev er, ventricular fibrillation was induced in only one
of the seven patients studied, whereas a sustained ventricular
tachycardia was induced in three patient s . These authors
did not state whether the induced ventricular tachycardia
was monomorphic or polymorphic , nor did they comment
on the method of termin ation or the reproducibility of the
arrhythmia. If the arrh ythmi a was polymorphic and required
cardioversion , then their results are quite similar to those
reported here .
Four of the eight patient s in our series developed sus-
tained polymorphic ventricular tachycardia/ventricular fi-
brillation with triple extrastimuli (S4 stimulation) . Some
authors (22-24) have suggested that the use of an aggressive
stimulation proto col utilizing triple extrastimuli will increase
the likelihood of clinicall y irrelevant arrhythmias. Whether
this is true in our patients with hypertrophic cardiomyopathy
believed to be at high risk of sudden death will have to be
determined by long-term follow-up studies.
It is of note that the inducti on of either repetitive ven-
tricular responses or nonsustained polymorphic ventricular
-.l
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Table 5 . Electrocardiograph ic Profiles in 18 Patient s With Hypertro phic Cardiomyop athy 5!:Z
r
Frontal R Wave
=l
-<
Plane QRS Am plitude LVH z
Pat ient Heart Rate PR QRS QT c Axis in aV R " St ra in" Invert ed :I:
-<
No . (bea ls/min) (ms) (ms) (ms) (deg rees) (mm) PRWP LVH Patt ern Q Wa ve T Wave LB BB LAA .."rn
;<l
-l
Grou p A: Patient s With Reprodu cib le PM VTiV F ;;00
.."
I 70 0.20 0 .08 466 - 75 12 :r+ - - - + - ?i
2 76 0.24 0. 15 547 - 120 II + - - + - - - o:.-
3 86 0. 16 0 .08 489 -60 4 - - - + + - ;;00
4 52 0. 19 0 .09 4 16 15 0.5 + + - + - - 0
5 73 0.18 0. 10 460 -95 12 + + - + + - :s:
-<
6 65 0. 17 0.09 383 + 150 4 + + - + + + 0
7 66 0. 19 0. 10 440 - 35 0
- - + + - - ~
8 57 0.27 0. 15 486 -30 0 + + :I:- - - - -<
Mean 68 0.20 0 .105 461
± SD II 0.04 0.03 50
Group B: Patients W ith No PM VTiV F or Nonreproducibl e PMVTiV F
9 66 0. 16 0 .13 454 17 0 + + + +
10 77 0.19 0 .21 537 30 0 - - - + +
11 78 0.18 0 . 12 444 30 0 - - + +
12 60 0. 15 0.07 440 80 0 - + - +
13 52 0.27 0 .16 470 -40 0 + + + + + +
14 85 0. 19 0 .10 507 30 0
15 68 0.25 0.16 490 - 60 0 + + + + - +
16 75 0.24 0 . 14 444 15 0 + + - +
17 76 0.28 0 .09 4 12 -20 I + + - + +
18 67 0. 19 0.09 439 - 25 3 + + + + +
Mean 70 0.2 1 0 . 13 464 < 0 .00 1 < 0 .00 1 NS
± SD 10 0.05 0.04 38
P Value NS NS NS NS
LAA = left atrial abnorma lity; LBB B
abbrev iations as in Table I .
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tachycardia is not predictive of subsequent susceptibility of
a patient to induction of a sustained arrhythmia (Table 2).
Neither does the presence of frequent, complex ectopic ac-
tivity on ambulatory monitoring predict who might have
inducible malignant arrhythmias (Table 4). There also were
no differences between the two groups in hemodynamic or
other electrophysiologic variables (Tables I and 3), and no
additional patients were identified as developing high grade
inducible arrhythmias by the use of left ventricular stimu-
lation. Nonetheless, this study identifies four possible pre-
dictors of programmed stimulation-induced malignant ar-
rhythmias in patients with hypertrophic cardiomyopathy.
Possible predictors of inducible polymorphic ventric-
ular tachycardia/ventricular fibrillation. A history of prior
cardiac arrest. In the current investigation, each of the three
patients studied because of a history of prior cardiac arrest
had inducible polymorphic ventricular tachycardia/ven-
tricular fibrillation. In the study by Kowey et al. (21), three
of the four patients with a history of cardiac arrest had
significant inducible arrhythmias. This finding lends cre-
dence to the conclusion that the induction of polymorphic
ventricular tachycardia/ventricular fibrillation is a relatively
sensitive marker for patients at risk for sudden death. It is
possible, however, that the nonsurvivors of cardiac arrest,
who never had electrophysiologic study, would have had a
different electrophysiologic profile. Moreover, our findings
provide no information as to the specificity of individual
polymorphic ventricular tachycardia/ventricular fibrillation,
in that such a rhythm might be induced in many patients
not at increased risk for sudden arrhythmic death.
Electrocardiographic axis abnormalities. Although de-
termined retrospectively, five of the eight patients with re-
producible polymorphic ventricular tachycardia/ventricular
fibrillation (Group A) demonstrated a specific electrocar-
diographic abnormality, that of a positive R wave in lead
aVR of the ECG. None of the electrocardiograms of the
Group B patients demonstrated such a finding. This suggests
that the electrophysiologic substrate might be different in
the Group A patients.
Inhomogeneity of ventricular refractoriness. with a
shortened right ventricular outflow tract effective refractory
period. A differential of 30 ms in ventricular refractoriness
was demonstrated between the right ventricular apex and
outflow tract in the five Group A patients in whom mea-
surements at both sites were made. Although the normal
difference between the refractory period at the right ven-
tricular apex and that at the outflow tract is not known, there
was no difference between the two sites in Group B. Fur-
thermore, the effective refractory period at the right ven-
tricular outflow tract was significantly shorter than that at
the apex (p < 0.005). Thus, early depolarization of the right
ventricular outflow tract that might facilitate arrhythmias is
possible.
The appearance ofa double ventricular electrogram with
premature stimulation. The multi component local electro-
grams noted in this study were located throughout the myo-
cardium. Although these were not evaluated in a systematic
fashion with a standardized gain, the multiphasic compo-
nents were of similar magnitude when compared with the
nonstimulated local electrogram recorded in the same lead
before stimulation and clearly of greater amplitude than the
fractionated electrograms reported in infarcted myocardium
(25,26).
Multiphasic local ventricular electrograms were seen with
premature stimulation in all patients. Thus, double- or triple-
spiked (Fig. I) ventricular electrograms (VV' or VV'V")
(without intervening isoelectric baseline) were not uncom-
mon. These are to be distinguished from what is here termed
the double electrogram. Not all patients demonstrated the
double electrogram, defined as two discrete equidominant
poles in the local electrogram, with at least 40 ms of in-
tervening relatively isoelectric baseline (V-V'). These dou-
ble electrograms have not been described previously. They
were noted retrospectively to be limited, with one exception,
to Group A patients. The one Group B patient who dem-
onstrated the double electrogram with stimulation from the
right ventricular apex has subsequently died suddenly. Right
ventricular outflow tract stimulation was not performed dur-
ing his electrophysiologic study.
The etiology of the double electrogram is not apparent.
It may result in the setting of sufficient temporal and spatial
dispersion of the stimulating impulse due to myocardial
architecture or altered refractoriness, such that local reentry
is supported. This can be due to myocardial fibrosis or
myofiber disarray seen in many patients with hypertrophic
cardiomyopathy.
Mechanism of polymorphic ventricular tachycardia.
Examination of the initiation and termination of the ar-
rhythmia induced in our patients may provide some insight
into the electrophysiologic substrate that supports it. Our
data demonstrating a second local depolarization (thus pro-
ducing a double electrogram) suggest abnormal activation
and altered conduction. Such findings in association with
reproducible initiation are compatible with a reentry mech-
anism. Although it is uncertain what the underlying ana-
tomic or functional abnormality is that supports this con-
tinuation, it is possible that myofiber disarray, a characteristic
finding in hypertrophic cardiomyopathy, may cause suffi-
cient spatial dispersion of the cardiac impulse because of
multidirectional intracellular connections to support a reen-
trant arrhythmia. Such disarray may also promote aniso-
tropic conduction, which can produce a wide variety of
complex abnormalities of propagation and further predis-
pose to reentry (27).
Resolution of local dispersion by recruitment of pro-
gressively more myocardial mass promotes termination (Fig.
5). This resolution is often heralded by the changing acti-
vation pattern noted when multiple intracardiac electrograms
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are available and the appearance of an isoelectric baseline
reflecting unified local activity.
Significance of programmed stimulation-induced
polymorphic ventricular tachycardia/ventricular fibril-
lation. This study provides retrospectively identified mark-
ers that suggest which patients with hypertrophic cardio-
myopathy believed to be at increased risk for sudden death
might experience programmed stimulation-induced poly-
morphic ventricular tachycardia/ventricular fibrillation. It
must be emphasized that this is not an epidemiologic study.
The demonstration of any of these markers in an individual
patient may not necessarily predict a poor prognosis. Long-
term follow-up of these patients will be necessary to as-
certain the relation between inducible arrhythmias and sud-
den death. The specificity of these findings in patients with
hypertrophic cardiomyopathy who are not known to be at
high risk is not addressed by this study. Prospective studies
must be done to test this hypothesis.
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